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International Search Report and a revised International Search Report, copies of 
which is included. The Search Reports includes a list of documents that were 
considered by the Examiner in the underlying PCT application. 
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Field of the Invention 

The present invention relates to a method [as well as] 
and a device for determining a future travel -path area of 
5 a motor vehicle. It can be applied, for example, in [the] 

an adaptive speed or distance control of a vehicle, in an 
adaptive headlight leveling adjustment, or simply in 
detecting critical situations. The [presupposition is 
that the] vehicle is furnished with at least one sensor, 

10 which can detect, [and] or at lease determine the 

position of, vehicles traveling ahead and stationary 
objects in the forward field of the vehicle. Sensors of 
this type can be configured, for example, as radar, 
laser, or video sensors. The present invention [is], can 

15 be used [advantageously] in connection with an adaptive 

speed or distance control system of a vehicle [, because a 
sensor of this type is already present in this 
application] . 

2 0 Bac]caround Information 

In past years, numerous publications have appeared, which 
deal with an automatic control system for the speed of a 
motor vehicle while talcing into consideration the 

25 distance with respect to vehicles traveling ahead , 

Systems of this type are frequently termed Adaptive 
Cruise Control (ACC) or, [in German,] adaptive or dynamic 
speed regulators. One fundamental problem in systems of 
this type, in view of contemporary traffic patterns, is 

30 an automatic decision as to which vehicle of a plurality 

of vehicles traveling ahead is relevant, or most 
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relevant, for the speed or distance control system. This 
decision is particularly [difficult in the event that] 
challenging when the road on which the controlled vehicle 
is moving is multi-lane and curvy. In this case, a 
distance sensor, which is used^ inter alia^ for detecting 
vehicles- traveling ahead, usually also detects vehicles 
that are located on neighboring lanes and that * therefore 
have only minor relevance for a distance control system. 

Therefore, in an ACC system, there exists a need to 
determine a future course path, or a future travel -path 
area, of the controlled vehicle, in order, once this area 
is known, to determine the [specifically] most relevant 
vehicles traveling ahead or, conversely, to determine the 
obstacle that at an instantaneous time point is the most 
dangerous. Both variables, as well as the course path and 
the travel -path area, are fundamentally oriented on the 
direction of the road, but in the optimal case they also 
take into account, if appropriate, any lane changing or 
turning behavior carried out by the controlled vehicle. 
In this context, the concept "future travel -path area" is 
distinguished in what follows from the concept "future 
travel -path" in that the former contains the entire 
spatial area in which the controlled vehicle will 
probably move. This means that it also takes into account 
in each case the width required by the motor vehicle. 

[Currently known] Convent ional solutions to the 
aforementioned [formulation of the] problem are 
described, for example, in the publication "Adaptive 
Cruise Control -- System Aspects and Development Trends" 
by Winner, Witte, et al^, published as SAE Technical 
Papers Series No. 961010 at the SAE of February 26-29, 
1996. In that publication, the simplest way to predict a 
future course of a controlled vehicle is to assume 
movement in a straight line. However, [it is obvious 
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that] this type of prediction does not function in the 
case of curves or lane changes. A more complex case, 
which nevertheless delivers sufficient results for wide 
areas, is to assume a course having a constant curvature. 
5 The latter is determined, for example, on the basis of a 

difference of wheel speeds, a steering or steering wheel 
angle, transverse accelerations, and/or yaw rates. 
Corresponding methods [are known from] can be found in 
the field of driving dynamic control systems. [One 

10 disadvantage in] In this method [is that]^ the future 

course path or travel -path area is only estimated [,] in 
each case on the basis of the present course. Therefore, 
here too, errors arise in response to every change of 
course, for example, in driving into or out of cuirves . A 

15 further possibility for predicting a course path, which 

is also mentioned in the cited publications, is the 
application of navigation systems. However, the limits of 
this method depend on how up-to-date and precise the 
available maps are and on the capacity of the system to 

20 determine [,] in each case[,]. the current position of the 

vehicle. The prediction [is particularly] may be 
unreliable in construction zones or on new roads. As a 
further possibility, [mention is made] in the above - cited 
publication [of]^ a prediction of the road course or the 

25 lane based on radar data is mentioned . Stationary objects 

are used such as reflectors or crash barriers, which are 
detected by a signal processor, in order to reconstruct 
the road borders. However, according to the publication, 
little is l^inown regarding the quality and reliability of 

3 0 this method. 



In U.S. Patent No. 4,786,164, a system and a method are 
described for detecting the distance between two vehicles 
which are moving in the same traffic lane. In this 
35 context, the lane in which each of the two vehicles is 

moving is determined on the basis of a comparison of 



NY01 372448 v 1 



MARKED UP VERSION OF 
3 SUBSTITUTE SPECIFICATION 



angles at which reflectors' that are placed on both sides 
of the road are detected. However, the method described 
here can only be used if suitable reflectors are actually 
present on both sides of the road, and is therefore 
5 dependent on infrastructure conditions. 

In German Patent Application No. 196 14 061 Al, a system 
is described for controlling the distance to a vehicle 
traveling ahead on the basis of an adjustable probability 

10 distribution. This [described] system has a curvature 

determination device, in which the curvature of a road is 
determined on the basis of a steering angle and a vehicle 
speed. To improve the reliability, according to a first 
modification, the steering angle is determined on the 

15 basis of the motion of a specified stationary object. For 

this purpose, the locations of a stationary object 
relative to a system vehicle in motion are monitored at 
uniform time intervals. The locations are then defined as 
a circular arc to calculate the curvature of the road on 

20 which the system vehicle is traveling. According to a 

second modification, a sharp curve of the road can also 
be detected on the basis of a stationary object. 
According to a fourth modification, the calculated 
curvature can be increased or reduced if a turning signal 

25 indicates the right or left direction. According to a 

tenth modification, it is possible, on the basis of a 
navigation system, for example, a GPS system, to 
determine whether a curve is present in a forward 
direction of the system vehicle. 

30 

[However, not one of the methods presented in this 
document removes the disadvantages already cited in 
detail . 

3 5 From German Patent 41 33 882 Al, a method is known] 

German Patent No. 41 33 882 describes a method for 
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independently following a vehicle in the lane of a 
[quite] specific vehicle traveling ahead. For this 
purpose, using an electronic camera, the significant rear 
area of a leading vehicle is monitored and the sideways 
5 misalignment with respect to it is approximately 

determined. The goal [is] appears to be to obtain control 
signals for steering the vehicle carrying the camera. 

[From] German Patent No. 43 41 689 [Al,] describes a 
10 system [is Icnown] for detecting a vehicle traveling 

ahead. The point of departure is a center line, which 
represents the extension of the vehicle axis. Around this 
line, areas of varying probabilities are defined, which 
are used to recognize a detected target as being located 
15 in the lane or as being irrelevant. The curvature of the 

road ahead is calculated on the basis of the current 
steering angle and of the current speed. A displacement 
is determined as a function of this predicted curvature, 
at the distance at which another vehicle has been 
2 0 detected, and the previously determined probability 

distribution is shifted by this value. 

[From the as yet not pre -published German patent 
application 197 22 947.6-32,] German Patent Aoolication 

2 5 No. 197 22 947 describes a method and a device [are 

known] for determining a future travel -path area of a 
vehicle. There, on the basis of the detected positions of 
the vehicles traveling ahead, the course paths of the 
latter are observed and in each case the transverse 
30 offset is determined with respect to the first vehicle's 

own position. This occurs in each case at the [time] 
point in time at which the first vehicle has passed the 
point at which a first position of the corresponding 
vehicle traveling ahead had been stored in memory. Based 

3 5 on the knowledge of this transverse offset and of the 

stored course paths of the vehicles traveling ahead, a 
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future travel -path area of the first vehicle can be 
determined . 

[The disadvantage of the previous] These methods and 
5 devices appear to describe approaches to determining the 

future travel -path area of a first vehicle [can be seen 
in the fact that] using the earliest possible time point 
for determining a travel-path area [is] as the time point 
at which a point is passed at which a position of a 
10 vehicle traveling ahead has been detected. 

[Objective, Solution, and Advantages] Summary of the 
Invention 

15 The [objective of the] present invention [, accordingly, 

is to indicate] provides a method and a device [ , based 
thereon, using which] for reliably determining a future 
travel-path area of a first vehicle [can be reliably 
determined. Thisl . According to the present invention, 

2 0 this travel -path area [should be] is able to be 

determined reliably and in a timely fashion, especially 
when vehicles traveling ahead have been detected for the 
first time. 

25 According to the present invention, [this objective is 

achieved as a result of the fact that] the future 
travel -path area of the first vehicle is determined at 
least on the basis of a course path of a vehicle 
traveling ahead that is projected onto the position of 

30 the first vehicle. This means that the detected course 

path of the vehicle traveling ahead is projected into an 
area in front of the first vehicle, in which no measured 
positions of the vehicle traveling ahead are present. 

3 5 [The advantage of the method according] According to the 

present invention [and of the device according to the 
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present invention can be seen in the fact that it is 
already possible to determine]^ the future travel -path 
area of the first vehicle before a position is reached at 
which a vehicle traveling ahead has been detected [. As a 
5 result of this invention, it is possible,] can be 

determined. 

According to an embodiment of the present invention, in 
accordance with the speed of the first vehicle and the 

10 range of the distance sensor, it is possible to gain up 

to two seconds in comparison with previous methods and 
devices, in which it is already possible to determine the 
future travel -path area of the first vehicle. This can 
contribute to reducing the pressure on the driver of the 

15 first vehicle and to increasing general driving safety. 

The course path of the vehicle traveling ahead can 
[advantageously] be projected up until the position at 
which the first vehicle is located. This allows the 
20 system the maximum exploitation of the stored data for 

determining the future travel -path area of the first 
vehicle . 

According to [one preferred] an embodiment of the present 
25 invention, [for this purpose,] a transverse offset and/or 

a curvature is determined between the projected course 
path of the vehicle traveling ahead and the current 
course path of the first vehicle. Using the transverse 
offset and/or the curvature of the course path of the 
30 first vehicle with respect to the projected course path 

of the vehicle traveling ahead, a future travel -path area 
of the first vehicle is determined. This embodiment 
offers the advantage that, for determining the future 
travel-path area of the first vehicle, it is also 
35 possible to use a projected course path of a vehicle 

traveling ahead which is not moving in the same traffic 
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lane as the first vehicle. 

[According to one advantageous refinement] In a further 
embodiment of the present invention, the future 
5 travel -path area is determined on the basis of the 

projected course paths of a plurality of vehicles 
traveling ahead. In this context, a lane change of a 
single vehicle traveling ahead is filtered out using 
comparison, correlation, or an average of the projected 

10 course paths of all vehicles traveling ahead. This 

refinement, especially given the presence of many other 
traffic participants, leads to improved reliability of 
the method [according to the present invention and of 
the] and device according to the present invention. 

15 Therefore, all projected course paths of vehicles 

traveling ahead can be used for determining the 
travel -path area of the first vehicle, which results in 
improving the reliability of the determined travel -path 
area . 

20 

[Furthermore, it is advantageous,] Further embodiments of 
the present invention provide at selected and/or freely 
selectable time points [, to compare] a comparison of the 
stored course paths of the vehicles traveling ahead with 

25 the current coordinate system of the first vehicle. [This 

has the advantage that the] The storage device can be 
exploited [very well] for recording the projected course 
paths of vehicles traveling ahead [, ] because a detected 
position of a vehicle traveling ahead, calculated with 

3 0 respect to the current coordinate system of the first 

vehicle, therefore represents a position relative to the 
first vehicle [, and the] . The data to be stored can be 
composed of, for example, only one distance and angle 
specification . 



35 



The course path of the vehicle traveling ahead [is 
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advantageously] can be projected using statistical 
analyses and/or mathematical interpolation methods on the 
stored relative positional data. This analytic approach, 
and this interpolation method, make possible a very 
5 precise determination of the course path to be projected. 



[It is particularly advantageous to] Further embodi ments 
of the present invention evaluate the projected course 
paths of the vehicles traveling ahead using at least one 

10 performance index [, ] which contains both statistical as 

well as non-predictable and predictable components. 
Therefore, it is [advantageously] possible to delete from 
the storage device a projected course path of a vehicle 
traveling ahead having a performance index that lies 

15 beneath a predetermined threshold value, and/or not to 

consider it for determining the future travel -path area 
of the first vehicle. In this manner, [on the one hand,] 
exploitation of the storage device is improved because 
data which are less well -suited for determining the 

20 future travel -path area of the first vehicle are deleted 

from the storage device. [On the other hand, it is 
.therefore] It is p ossible not to use less suitable data 
in determining the travel -path area, which leads to a 
more precise determination. 

25 

According to [one refinement] a further embo diment of the 
present invention , the storage device is organized as a 
ring storage device. [This refinement has the advantage 
that] The memory management is simplified, and 

3 0 [therefore] determining the future course path of the 

first vehicle is accelerated. Especially in this type of 
storage organization, no shifting of data within the 
storage device is necessary. [In plain language] That is, 
the oldest stored data value for a course path of a 

35 vehicle traveling ahead is replaced by the currently 

detected value, and only a corresponding reference to the 
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storage location is changed. 

[It is furthermore advantageous that] According to a 
further embodiment of the present invention, when the 
storage device is full, for storing at least one new 
course path of a further vehicle traveling ahead, in 
accordance with a further performance index which rests 
only on predictable components, the decision is made as 
to whether at least one of the previously stored course 
paths and/or the at least one new course path should be 
deleted. [This means that] That is, when the storage 
device is full, it is determined [, ] using a performance 
index [,] whether a previously stored course path should 
be deleted [,], or whether the newly detected data have a 
worse index than all of the course paths stored in the 
storage device [,] and that therefore the newly stored 
data should be discarded. 

According to [one advantageous refinement] a further 
embodiment of the present invention, the future 
travel-path area is limited on the basis of the positions 
of detected, stationary objects or on the basis of 
positions of detected, oncoming vehicles. This 
[refinement has the advantage that it is possible to 
sensibly limit] allows for sensibly limiting the 
determination of the future travel -path area of the first 
vehicle [,] which significantly increases the precision of 
the determined travel -path area. Furthermore, in this 
manner, further independent data can contribute to 
determining the future travel -path area. 

According to [one particularly preferred] a further 
embodiment of the present invention, in addition to the 
first future travel -path area, determined in accordance 
with present invention, at least one further future 
travel -path area is determined on the basis of a steering 
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angle, a steering wheel angle, a yaw rate, a difference 
of wheel speeds, or a transverse acceleration of the 
controlled vehicle, or on the basis of stationary objects 
or of oncoming vehicles which are detected by the 
distance sensor of the first vehicle. On the basis of the 
first and the at least one further determined future 
travel-path area, a verified future travel-path area [is] 
can then be determined. [In plain language, this means 
that a] A future travel -path area of the controlled 
vehicle [is] can be determined on the basis of different 
methods that are independent of each other. By combining 
these individually determined future travel -path areas, 
errors individually arising in the [methods] 
methods /devices can be corrected, so that the verified 
future travel -path area contains an optimal prediction of 
the actual travel -path area. 

[One particular advantage of the method according to] 
Certain embodiments of the present invention [and of the 
device according to the present invention is] provide 
that the future travel -path area is determined on the 
basis of measuring data which actually lie in the forward 
field of the controlled vehicle, and that these data are 
projected in the direction of the first vehicle's own 
position. In place of an estimation based on 
extrapolating an instantaneous situation, the situation 
actually existing in the forward field of the vehicle is 
evaluated. In this manner, it is especially possible to 
detect in a timely fashion the beginning or end of a 
curve. As a result, the error rate is significantly 
reduced compared with previously known methods. [A 
further advantage is that the method] Further, the 
present invention is independent of particular 
infrastructure conditions, such as specially provided 
reflectors on the road edge. However, if appropriate 
reflectors are present, they can be talcen into account 
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accordingly. Furthermore, the [method] present invention 
can be realized without special expense in a vehicle 
which is equipped with an adaptive speed regulating 
system, in particular without requiring an additional 
5 image pick-up and image valuation unit. 

[In plain language, the] The movement of one or a 
plurality of vehicles traveling ahead is observed for 
determining the future course path or travel -path area of 

10 the first vehicle. In this context, as long as a detected 

position of a vehicle traveling ahead is not reached by 
the first vehicle, the detected course path of the 
vehicle traveling ahead is projected in the direction of 
the first vehicle's own posit ion . Therefore , determining 

15 the travel-path area for the first vehicle is possible 

even before a position has been reached at which a 
vehicle traveling ahead has been detected. 

[Description of Exemplary Embodiments] Brief Description 

2 0 of the Drawings 

[Below, exemplary embodiments of the present invention 
are discussed on the basis of a drawing. The following 
are the contents. 

25 

Figure 1 depicts a basic representation of a device] 
Figure 1 shows an embodiment according to the present 

invention [ , ] ^ 
[Figure 2 and Figure 3 

3 0 depict two block diagrams, as an explanation of the 

method] Figure 2 shows a block diagram of an 

embodiment according to the present 
invention [ , ] j. 

[Figure 4 depicts] Figure 3 shows a block diagram of an 
3 5 embodiment according to the 

present invention; 



NY01 372448 v 1 



MARKED UP VERSION OF 
12 SUBSTITUTE SPECIFICATION 



Figure 4 shows a flowchart according to related art ; 
Figure 5 shows a flowchart according to the 

[aforementioned] related art [ , ] j_ 
Figure [5 depicts a further] 6 shows a flowchart 

5 according to the 

[aforementioned 
related art,] related 
art ; and 

[Figure 6 depicts a further flowchart according to the 
10 aforementioned related art, for a detailed explanation of 

the method, and 

Figure 7 depicts a block diagram, as an explanation of 
the method] Figure 7 shows a block diagram of an 

15 embodiment according to the 

present invent ion . 

Detailed Description 

20 Figure 1 [depicts] shows a device for carrying out the 

method according to the present invention. A distance 
sensor 10, for example, a radar or a laser sensor, is 
connected to an evaluation and control unit 11. 
Evaluation and control unit 11 receives numerous further 

25 signals, of which, by way of example, an input 13 for the 

vehicle's own speed, an input 14 for a steering angle, 
and an input 15 for a yaw rate are depicted here. 
Furthermore, evaluation and control unit 11 is connected 
to one or a plurality of actuators 12. The entire device 

30 is installed in a first vehicle. Using distance sensor 

10, in accordance with [the known] conventional methods, 
vehicles traveling ahead, oncoming vehicles, as well as 
stationary objects on, and on both sides of, the roadway 
are detected. Corresponding measuring data are 

35 pre-processed and are supplied to evaluation and control 

unit 11- The latter, in accordance with the method 
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described below, determines at least one future 
travel-path area of the first vehicle. In the context of 
an adaptive speed regulation, evaluation and control unit 
11, via actuator or actuators 12, controls or regulates 
5 the speed of the vehicle. Alternatively, or as a 

supplement, the unit, via actuators 12, controls, for 
example, the headlight range or the light cone of the 
headlights of the vehicle, or it generates a warning 
signal for a critical situation. 

10 

Figure 2 [depicts] shows a two-lane road 20, on which two 
vehicles 21 and 2 2 are moving in the same direction. 
Reference numeral 21 designates the vehicle which has the 
device according to the present invention. Extending from 

15 the front of vehicle 21, an angular area 24 is sketched, 

which symbolizes the detection range of distance sensor 
10. A dot-dash line 26 depicts the future course path of 
vehicle 21. Two solid lines 27 designate the future 
travel-path area of vehicle 21. This future travel-path 

20 area results from future course path 26 of vehicle 21, 

enlarged by the vehicle width and any additional 
expansions. A distance 23 indicates a lateral transverse, 
offset q between vehicles 21 and 22. Reference numeral 25 
designates a stationary object, for example, a tree at 

2 5 the road edge. 

Figure 3 also [depicts] shows a two-lane road 30, on 
which three vehicles 31, 32, and 33^ are represented at 
two different time points to and ti- The positions of the 

3 0 vehicles at time point to are represented in dotted lines 

and are designated as 31a, 32a, and 33a. The positions of 
the vehicles at time point t^ are designated as 31b, 32b, 
and 33b. Two distances 34 and 35 designate in each case a 
transverse offset and qs between vehicles 31 and 32 and 
35 between vehicles 31 and 33 respectively. 
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Figure 4 depicts a flowchart in accordance with the 
[aforementioned] related art. In step 41, using distance 
sensor 10, vehicles traveling ahead F^i are detected. In 
this context, according to Figure 2 and Figure 3, 
vehicles 22 [as well as]^ 32^ and 33^ are detected. In 
step 42, a position P^i of each individual vehicle 
traveling ahead is determined. Depending on the specific 
configuration, this step can be carried out either by an 
evaluation circuit within distance sensor 10 or by 
evaluation and control unit 11. Determined positions P^i 
of vehicles traveling ahead F^^ contain a distance d^ and 
an angle a^. In step 43, a transverse offset qi is 
determined, which in Figures 2 and 3 is indicated by the 
distances 23, 34, and 35. In purely mathematical terms, 
transverse offset yields 

q^ di * sinai- 

However, because the curvature of road 20, and 30, and an 
additional transverse offset of vehicles F^i, resulting 
therefrom, are not taken into account in this connection, 
specific transverse offset q^ is determined on the basis 
of position P of vehicle 31 at time point ti and of 
position P^i of vehicles traveling ahead 32, 33 at time 
point to- In other words, transverse offset qi in this 
context is only determined if first vehicle 31 is located 
at or near the position which the specific vehicle 
traveling ahead occupied at one or more measuring time 
points previously. 

In step 44, future travel -path area KB of controlled 
vehicle 21, 31 is determined on the basis of an assumed 
width b of the first vehicle, [on the basis of] course 
path KVi of vehicles traveling ahead F^i, [on the basis 
of] the latter 's specific transverse offset qi, and, if 
appropriate, [on the basis of] previously determined 
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course paths. In this context, the assumption is made 
that the first vehicle will continue to move as the 
vehicle traveling ahead or vehicles. When an intended or 
commencing lane change of the first vehicle is detected, 
5 for example, as a function of a blinker signal, the 

determined probable travel -path area is expanded in the 
corresponding direction. This distinguishes determined 
future travel -path area KB from a pure prediction of the 
road course. In step 47, the determination of future 

10 travel-path area KB of the first vehicle is carried out 

in an iterative manner, i.e., it is followed by a new 
determination cycle. In step 45, the determined future 
travel -path area is limited on the basis of stationary 
objects 25, and, if present, on the basis of detected 

15 oncoming vehicles F^, which are not shown in Figures 2 and 

3 . 

Subsequent step 4 6 relates to the application in the 
context of an adaptive speed and distance control system. 

20 Here, a vehicle traveling ahead is selected as the 

control target for the distance control system. In this 
context, only those vehicles traveling ahead are taken 
into account which are located within determined future 
travel -path area KB. If a plurality of vehicles traveling 

25 ahead are located in this area, then a selection is 

carried out concerning which of the vehicles traveling 
ahead requires the smallest desired acceleration, or the 
greatest desired deceleration, in the controlled vehicle . 
However, the selection, alternatively or as a supplement, 

3 0 can also be made as a function of other criteria. For 

example, the selection can be carried out in accordance 
with which of the vehicles traveling ahead has the least 
distance from the first, controlled vehicle. Reference 
numeral 4 8 designates the iterative repetition of the 

3 5 method. 
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Figure 5 depicts a further flowchart in accordance with 
the [above-mentioned] related art. Steps 51 through 54, 
in this context, correspond to steps 41 through 44 
according to the related art in Figure 4 . According to 
5 this second example [from the related art] , in step 55, a 

determination is made of the verified, future travel -path 
area KBver. For this purpose, in step 56, further 
measuring data are used, especially future travel-path 
area KB2, determined elsewhere. This future travel -path 

10 area KB2, which is determined elsewhere, can be 

determined, for example, on the basis of the methods 
known in the related art, using a yaw rate or a 
transverse acceleration. By linking a plurality of 
determined future travel -path areas that are independent 

15 of each other, the error rate present in a given system 

is further minimized. In the simplest case, linking two 
determined future travel -path areas KB and KB2 is carried 
out as a result of the fact that first determined 
travel -path area KB is used as long as an preestablished 

20 minimum number of vehicles traveling ahead is detected. 

If fewer vehicles traveling ahead [are detected] than 
this preestablished number are detected , then future 
travel -path area KB2 is used. Alternatively, the data of 
both determined travel -path areas KB and KB2 can also be 

25 correlated with each other, to obtain verified 

travel -path area KBver. In step 58, determining a future 
verified travel-path area also takes place in an 
iterative manner. Step 57 corresponds to step 46 from 
Figure 4 and also contains a target selection of one 

30 vehicle traveling ahead in the context of an adaptive 

speed and distance regulation. 

Figure 6 depicts a further flowchart according to the 
[above-mentioned] related art for a more detailed 
3 5 representation of the method steps for determining future 

travel -path area KB in steps 44 and 54 of Figures 4 and 
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5. Accordingly, steps 61 through 63 can be inserted in 
place of steps 44 and 54 in Figures 4 and 5. In step 61, 
points of reference Si are determined, in that positions 
P^i of detected vehicles traveling ahead F^i are set off 
5 against the relevant determined transverse offsets qi . In 

the ideal case, all determined points of reference Si will 
lie on one curve, which corresponds to future course path 
KV of the first vehicle. In step 62, this course path KV 
is determined, in that a function is determined, for 

10 example, in the form of a polynomial, which at least 

approximately, to the extent possible, covers all points 
of reference Si- This determined function then describes 
future course path KV. In step 63, future travel -path 
area KB is determined, in that course path KV is expanded 

15 by width b of the first vehicle. Additionally, if 

necessary, a further expansion E takes place as a 
function of the detected lane-change signals of the first 
vehicle . 

20 Figure 7 depicts a schematic diagram[, as an explanation 

of the method according to] of an embodiment of the 
present invention. In this context, reference numeral 
700 designates the first vehicle, which is traveling on a 
multilane road 701. In the further course of road 701, 

25 two vehicles traveling ahead 702 and 703 are depicted. At 

the edge of road 701 are also located traffic signs 704, 
directional posts 705, and trees, which are designated as 
706. [It is clear that first] First vehicle 700 is moving 
on the center lane of three-lane road 701. Vehicle 

3 0 traveling ahead 702 is moving on the right-hand lane 

relative to vehicle 700, whereas vehicle traveling ahead 
703 is moving on the left-hand lane relative to first 
vehicle 700. First vehicle 700 is equipped with a 
distance sensor, which detects the positions of vehicles 

35 traveling ahead. The detected positions of vehicle 

traveling ahead 702 are depicted as crosses and are 
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designated as 707. The detected positions of vehicle 
traveling ahead 703 are also depicted as crosses and are 
designated as 708. In the case of vehicle traveling ahead 
702, [it is clear that] the positions of vehicle 702 have 
5 already been detected by first vehicle 700, the positions 

being located at least at the same level as first vehicle 
700 or even on the path already traveled. Using positions 
707, detected in this manner and stored in a storage 
unit, [it is possible to determine] a comparison curve [, ] 

10 can be determined which represents course path 709 of 

vehicle traveling ahead 702, Based on the course path of 
vehicle traveling ahead 7 02 and of the Icnown position of 
first vehicle 700, [it is easy to determine] the 
transverse offset 711 between first vehicle 700 and 

15 course path 709 of vehicle traveling ahead .702 can be 

determined . Assuming that vehicle traveling ahead 702 is 
the only vehicle traveling ahead, it would be possible to 
determine the future course path of first vehicle 700 on 
the basis of >:nown course path 709 of vehicle traveling 

20 ahead 702 and of Icnown transverse offset 711. This future 

course path of first vehicle 700, if only one reference 
vehicle 702 is forward, would move by transverse offset 
711, shifted parallel to course path 709. 

25 In the case of vehicle traveling ahead 703, no detected 

positions 708 are yet present, which are located at least 
at the same level as first vehicle 700. The first 
detected position of vehicle 703 is designated as 708. a 
and is situated still in front of the current position of 

30 first vehicle 700. On the basis of detected positions 708 

of vehicle 703, by analogy to the procedure for vehicle 

702, an offset line 710 can be determined, which 
represents the course path of vehicle traveling ahead 

703. If course path 710 of vehicle 703 is projected, or 
35 interpolated, in the direction of first vehicle 700, the 

result is an extension of course path 710 by path 710. a, 
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which extends up to the current position of first vehicle 
700, Based on this projected course path 710. a of vehicle 
703, it is possible to determine a transverse offset 
between the current position of first vehicle 700 and 
5 projected course path 710. a of vehicle 703- This 

transverse offset, designated as 712, with respect to 
vehicle 703 can therefore be determined, although first 
vehicle 700 has not yet reached the position of the first 
detection of vehicle 703, which is designated as 708. a. 

10 Therefore, from the point of view of first vehicle 700, 

two transverse offsets 711 and 712 with respect to 
vehicles traveling ahead 7 02 and 7 03 are known. 
Furthermore, both course paths 709 and 710 of vehicles 
traveling ahead 702 and 703 are known. Using this known 

15 data, [it is now possible to determine] a future course 

path of first vehicle 700 on the basis of the two 
vehicles traveling ahead can now be determined . For this 
purpose, appropriately taking into account transverse 
offsets 711 and 712, the average value of course paths 

20 709 and 710 is formed. The result is a determined future 

course path of first vehicle 700, which is designated in 
Figure 7 as 713. This determined future course path 713, 
by analogy to the related art according to Figure 6, is 
enlarged by the vehicle width as well as by any 

25 expansions. Course path 713 of first vehicle 700, 

expanded in this manner, represents the desired future 
travel-path area of first vehicle 700. [ For reasons of 
simplicity, this determined future travel -path area is 
not depicted in Figure 7.] 

30 

Alternatively, in place of determining the transverse 
offset between first vehicle 700 and course paths 709 and 
710 of vehicles traveling ahead 702 and 703, a curvature 
between the current course path of first vehicle 700 and 
35 determined course paths 709 and 710 of vehicles traveling 

ahead 702 and 703 can be determined. On the basis of 
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these known curvatures with respect to the course paths 
of the vehicles traveling ahead, a determination of a 
future course path of first vehicle 700 is also possible. 

The determination of the future course path of first 
vehicle 700 is all the more precise, the greater the 
number of vehicles traveling ahead detected and their 
course paths determined. In this case, [the possibility 
exists to determine] a verified future course path of 
first vehicle 700 through comparison, correlation, or an 
average of the projected course paths of all vehicles 
traveling ahead can be determined . In this context, 
projected course paths of vehicles traveling ahead can be 
filtered out, which, e.g., turn or, as a result of rapid 
lane change between the individual traffic lanes, do not 
yield any reliable course path or one that is suitable 
for the determination of the future travel -path area. 

Analytically, the conversion of detected relative 
positional data 707 and 708 of vehicles traveling ahead 
702 and 703 is accomplished using statistical analyses 
and/or using mathematical interpolation procedures. The 
result of this method is the projected course paths of 
the vehicles traveling ahead, which are stored in the 
storage device of the distance sensor of first vehicle 
700. Within the storage device, which is organized 
preferably as a ring storage device, the stored projected 
course paths of the vehicles traveling ahead, at selected 
or freely selectable time points, are compared with the 
current coordinate system of the first vehicle. As a 
result of this conversion, the projected course paths of 
vehicles traveling ahead, at every time point, exist in 
the same coordinate system as the coordinate system of 
first vehicle 700. In order to assume the most relevant 
of the determined projected course paths of the vehicles 
traveling ahead in determining the future course path of 
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first vehicle 700, the projected course paths of the 
vehicles traveling ahead are evaluated using a 
performance index, which contains statistical as well as 
nonpredictable and predictable components. On the basis 
5 of this performance index, in the case of values that lie 

below a predetermined threshold value, it can be decided 
whether a projected course path of a vehicle traveling 
ahead is determined as being irrelevant and therefore is 
deleted from the storage device, or whether, e.g., the 

10 relevance of this projected course path is only 

conditionally present, and the course path is not to be 
considered for determining the future travel -path area of 
the first vehicle. In the event that the storage device 
of the distance sensor of first vehicle 700 is full and 

15 detected relative positional data of further vehicles 

traveling ahead are present, then, in accordance with a 
further performance index, which in this case 
nevertheless only relies on predictable components, the 
decision is made whether the newly detected course path 

20 of a vehicle traveling ahead is so relevant that a 

previously stored projected course path of a vehicle 
traveling ahead should be deleted, or whether the newly 
detected relative positional data should be discarded. 
Using this method, it [is] can be assured that, at every 

2 5 time point, the most relevant of the projected course 

paths of the vehicles traveling ahead are present in the 
storage device . 



In the event that, on the basis of particular conditions 
30 or circumstances, the determined future travel-path area 

of first vehicle 700 extends beyond the area of road 701, 
then the future travel -path area is limited on the basis 
of stationary objects. This can be, e.g., as [depicted] 
shown in Figure 7, traffic signs 704, guide posts 705, or 
35 trees and/or bushes 706. Also possible is a limitation of 

the determined future travel -path area on the basis of 
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the positions of detected oncoming vehicles. [This latter 
possibility is not depicted in Figure 7.] 

If a further future travel-path area of first vehicle 700 
5 is determined, then verification of the future 

travel -path area of first vehicle 700 is possible. This 
further future travel-path area of first vehicle 700 can 
be determined, for example, on the basis of a steering 
angle, a steering wheel angle, a yaw rate, a difference 

10 between wheel speeds, or a transverse acceleration of the 

first vehicle, or on the basis of stationary objects or 
oncoming vehicles. In this manner, the future course 
path, or the future travel-path area, of first vehicle 
700 is verified using different methods which are fully 

15 independent of each other. [This makes possible the best 

possible determination of the future travel -path area of 
first vehicle 700.] 
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Abstract 

A method and a device are described for determining a 
future travel-path area of a first vehicle [ (700) ] , which 
5 is furnished with a distance sensor. In this context, 

using the distance sensor at preestablished or selectable 
time points, at least relative positions [(707, 708)] are 
determined of at least one vehicle traveling ahead [(702, 
703)] with respect to the first vehicle [( 700 )] . At least 

10 these determined relative positions [(707, 708)] are 

stored in at least one storage device. These relative 
positions [ (707, 708)], stored in the storage device, 
constitute in each case a course path [(709, 710)] of the 
corresponding vehicle traveling ahead[(702, 703)]. The 

15 future travel-path area of the first vehicle [(700)] is 

determined at least on the basis of the course path 
[(709, 710)] of the vehicle traveling ahead[(702, 703)]. 
The course path [(709, 710)] of the vehicle traveling 
ahead [(702, 703)] is projected in the direction of the 

20 position of the first vehicle [ (700) ] . 



[ 

(Figure 7) ] 
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